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Azido Groups as Site Specific IR Probes of Hydration Around Model
Helical Peptides
Marta P. Wolfshorndl, Casey H. Londergan.
Haverford College, Haverford, PA, USA.
Previous work from our group and others indicates that the NNN asymmetric
stretching peak of aliphatic azido groups is sensitive to the hydrogen bond den-
sity of the azido group’s local environment, but not to the local electrostatics.
Thus, the azido group is a sensitive indicator of local hydration of a chosen site.
The behavior of the probe in a model helical peptide that displays a cooperative
helix/coil transition was investigated using solutions composed of varying ra-
tios of TFE and water. Far-UV circular dichroism was used to determine
whether the azido group disrupted the secondary structure of the peptide. A se-
ries of peptides labeled with azido groups on increasingly extended side chains
provided information about the hydration around the backbone of the peptide
through multiple solvation layers. Local desolvation by trimethylamine N-ox-
ide and urea was investigated using the same system.
2895-Pos Board B50
Effect of Dimethyl Sulfoxide on the Stability of Macromolecular
Structures
Jennifer A. Slaton, Merrell A. Johnson, Bruce D. Ray, Horia I. Petrache.
Indiana University Purdue University Indianapolis, Indianapolis, IN, USA.
Dimethyl sulfoxide (DMSO) is best known for its use in cryoprotection of bi-
ological cells and as a co-solvent in molecular formulations. In our study we
investigate how DMSO affects the stability of two very different macromolec-
ular aggregates: one represented by multilamellar lipid bilayers and the other
by fibrin networks. Although chemically different, both macromolecular struc-
tures are influenced by interactions at the water interface which in turn depend
on the presence of perturbants such as DMSO. We use x-ray scattering as well
as confocal and differential interference microscopy to characterize structural
changes in multilamellar lipid bilayers and in fibrin networks. We find that al-
though DMSO effects have similarities to the osmotic action of standard osmo-
lytes such as polyethylene glycol (PEG), chemical specificity also play
a significant role.
2896-Pos Board B51
Thermodynamic Fingerprints Reveal Variability in Cosolute Effect on
Peptide Folding
Shahar Sukenik, Liel Sapir, Regina Gilman-Politi, Daniel Harries.
Hebrew University, Jerusalem, Israel.
On the molecular level, life is established through the specific interaction be-
tween and within macromolecules in an aqueous environment. It is increasingly
realized, however, that even modest changes in solution conditions, brought on
by the presence of many cellular cosolutes, can profoundly affect the balance of
forces underlying the specificity of interaction, with consequences that can be
severe if not fatal. We have followed the thermodynamic effect of several co-
solute classes, including polymers, cellular osmolytes, and inorganic salts, on
the stability of peptide folding. By comparing changes in free energy, enthalpy,
and entropy upon cosolute addition for this process, we identify several thermo-
dynamically distinct mechanisms. Surprisingly, even while many cosolutes dis-
play similar linear scaling of the free energy with cosolute concentration,
a breakdown of this free energy into enthalpic and entropic contributions dis-
tinguishes between different families of cosolutes. We show how these ‘‘ther-
modynamic fingerprints’’ can be used to group distinct cosolute families, and to
suggest the existence of different mechanisms by which members of these fam-
ilies act.
Sukenik S, Sapir L, Gilman-Politi R, Harries D (2012) Diversity in the mech-
anisms of cosolute action on biomolecular processes Faraday Disc. 106 doi:
10.1039/C2FD20101A
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Towards the Design of Metamorphic Proteins using Ensemble-Based
Energetic Information
Jordan Hoffmann, James O. Wrabl, Vincent J. Hilser.
johns Hopkins University, Baltimore, MD, USA.
The discovery of natural and engineered proteins that adopt more than one
functionally relevant structure represents an emerging paradigm shift in the
field of protein folding and stability. This work explores a preliminary approach
to understanding how a single amino acid sequence may adopt more than one
stable structure. Key to the approach is information derived from a previously
reported (and experimentally validated) statistical mechanical ensemble de-
scription of globular protein thermodynamics. Such energetic information is
demonstrated to correctly match and align amino acid sequences to the corre-
sponding known structures in large databases. As a first step, an algorithm was
developed to generate novel amino acid sequences energetically compatiblewith a single target structure, the SH3 domain. Information about both the na-
tive and denatured state energetics of the target was taken into account, as we
hypothesize that the denatured state in particular cryptically encodes necessary
negative design information. These designed sequences indeed demonstrated
primary, secondary, and tertiary structure properties similar to known SH3 do-
mains in silico. Experimental characterization of one designed sequence re-
vealed reversible cooperative two-state denaturation, consistent with the
expected biophysical properties of an SH3 domain. Encouraged by these re-
sults, we are proceeding to discover naturally occurring sequences that are en-
ergetically compatible with more than one structure. Initial analysis suggests
that natural sequences exhibit a surprisingly large range of compatibility
with non-self structures, with some so-called ‘‘promiscuous’’ sequences poten-
tially compatible with many structures. Statistically enriched regions of se-
quence containing glycine, matching with low-stability (e.g. turn) regions in
the non-self structure, appears to be one general mechanism mediating this en-
ergetic ‘‘promiscuity’’. Such insight, only possible because of our unique ther-
modynamic approach to protein design, may become part of a future
experimental strategy to engineer metamorphic proteins.
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Investigation of the Structural Stability of cpSRP43 Chromodomain2 by
Hydrogen-Deuterium Exchange
Rebecca Simpson, Srinivas Jayanthi, Alicia Kight, Robyn Goforth,
Ralph Henry, T.K.S. Kumar.
University of Arkansas, Fayetteville, AR, USA.
The essential pathway by which light-harvesting chlorophyll binding proteins
are inserted into the thylakoid of the chloroplast is mediated by a unique signal
recognition particle (cpSRP). Its novel 43kDa subunit (cpSRP43) contains
three chromodomains (CDs). CD2 has been shown to be significant in various
aspects of the cpSRP-mediated pathway. While structural information about
CD2 is known, this study aims to gain a more comprehensive understanding
of the structural stability through analysis of hydrogen-deuterium exchange.
15N-labeled CD2 samples will be produced from over-expression of CD2 in
E. coli cultured in labeled media. Subsequently, the readily-occurring exchange
between amide hydrogen and solvent deuterium will be monitored by NMR
spectroscopy. The kinetics of the exchange can provide useful information
about the free energy of exchange and thus the stability.
2899-Pos Board B54
Protein Unfolding Pathway Examined by Pulse Proteolysis using a
Super-Stable Protease
Kazufumi Takano, Jun Okada.
Kyoto Prefectural University, Kyoto, Japan.
We examined the slow unfolding pathway of Tk-RNase H2 by pulse proteoly-
sis using a super-stable protease, Tk-subtilisin. Tk-subtilisin has its enzymatic
activity in highly concentrated GdnHCl where Tk-RNase H2 unfolds slow-
ly.The native state of Tk-RNase H2 is completely resistant to Tk-subtilisin,
whereas the unfolded state of Tk-RNase H2 (induced by 4 M GdnHCl) can
be degraded by Tk-subtilisin. In pulse proteolysis, some degradation products
of Tk-RNase H2 were detected by Tricine-SDS-PAGE. We identified the
cleavage sites in Tk-RNase H2 by N-terminal sequencing and MALDI-TOF
mass spectrometry, and constructed mimics of Tk-RNase H2 unfolding inter-
mediate by protein engineering. The mimics were biophysically characterized.
We found that the native state of Tk-RNase H2 (N-state) shifted to two inter-
mediate forms, IB-state and IC-state. The IB-state was digested by Tk-subtilisin
in the C-terminal region, but the IC-state was a Tk-subtilisin resistant form. The
results represent that pulse proteolysis by a super-stable protease was a suitable
strategy and effective tool for analyzing intermediate structures of proteins with
slow unfolding properties.
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Structural Reorganization Triggered by the Ionization of Lys Residues
buried in Hydrophobic Environments
Jamie L. Schlessman1, MIchael S. Chimenti2, Victor S. Khangulov2,
Aaron C. Robinson2, Javier N. De Luca-Westrate3, Joshua Riback2,
Ananya Majumdar2, Carolyn A. Fitch2, Bertrand Garcı´a-Moreno2.
1United States Naval Academy, Annapolis, MD, USA, 2Johns Hopkins
University, Baltimore, MD, USA, 3Univeristy of Vermont College of
Medicine, Burlington, VT, USA.
A study of the structural consequences of ionization of amino acid side chains
buried in the hydrophobic interior of proteins was performed by systematic in-
troduction of lysine at 25 internal positions in a highly stable form of staphy-
lococcal nuclease. Crystal structures for 12 of the variants at pH values
where the Lys was expected to be uncharged revealed nearly identical back-
bones with the reference protein and ordered internal Lys side chains at the sub-
stitution site. The structures demonstrate that neutral Lys can be buried in the
Wednesday, February 6, 2013 565aprotein interior without the need for any specialized structural adaptations save
for those required to stabilize the protein. Solvent-accessible surface area and
depth of burial calculations indicated that all but one Lys were completely in-
accessible to water. Seven Lys side chains packed into predominantly hydro-
phobic regions; five had Nz atoms within 3.5 A˚ of one or more polar groups
or crystallographic water molecules. Depth of burial or microenvironment po-
larity as observed in the crystal structures did not correlate with measured shifts
in pKa.
1H-15N HSQC NMR spectroscopy studies revealed global unfolding
coupled to the ionization of two of the 25 Lys residues. Three others showed
partial or local unfolding, five demonstrated localized changes in structure
and dynamics, and 15 exhibited no detectable consequences. Backbone amide
resonances were most similar between reference protein and the Lys-containing
variant when the Lys side chains were buried shallowly or in a loop region. In
the least stable variants the ionization of the internal Lys residues led to local-
ized increase in conformational fluctuations or to conformational reorganiza-
tion. These data will be useful to test the ability of structure-based pKa
calculations to account for structural rearrangements or increased dynamics
in response to ionization of internal groups.
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Supercharging De Novo Designed Heme-Binding Proteins has Significant
Effects on Solubility and Redox Characteristics
Cooper A. French.
City College of New York, New York, NY, USA.
Supercharging the external residues of natural proteins has been shown to in-
crease solubility and thermal stability while retaining protein function. In
this work we elucidate the effects of supercharging exterior residues on the sol-
ubility, folding propensities, and ligand binding properties of mutants of the de
novo designed heme-binding protein HHHH.
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Identification and Characterization of Buried Ionizable Groups in Proteins
Joshua A. Riback, Carolyn A. Fitch, Bertrand Garcı´a-Moreno E.
Johns Hopkins University, Baltimore, MD, USA.
Ionizable groups buried in the hydrophobic interior of proteins play many es-
sential biological roles. their physical properties are not well understood. Ow-
ing to the inherent differences in the dielectric properties of proteins and of
water the properties of internal and surface ionizable groups can be very differ-
ent. In a previous systematic study from this laboratory Asp, Glu, Lys and Arg
residues were buried at 25 internal locations in staphylococcal nuclease. Most
of these internal residues titrate with highly anomalous pKa values. Many crys-
tal structures of these variants show that the majority of these buried ionizable
residues are buried completely and in very diverse microenvironments. A sur-
vey of the properties and microenvironments of naturally occurring internal
ionizable groups in proteins was undertaken with a large set of proteins from
the Protein Data Bank to compare against the internal ionizable groups buried
artificially in nuclease. Internal ionizable groups were identified based on ac-
cessible surface area and depth of burial using a self-consistent definition of
the interface between protein and bulk water. For purposes of this survey, in-
ternal ionizable groups were characterized primarily in terms of accessible sur-
face area, depth of burial, polarity and hydrophobicity of their
microenvironments, and contact with other surface or internal ionizable groups
and with crystallographic water molecules. MD simulations were also per-
formed on a small set of proteins to examine the robustness of static structures
for purposes of determination of depth of burial.
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Is Protein Destabilization a Widespread Factor in Genetic Disease?
Juan R. Diaz1, Nikolay Dokholyan2, Rachel Redler2.
1University of Puerto Rico, Rio Piedras, San Juan, PR, USA, 2University of
North Carolina, Chapel Hill, NC, USA.
Protein destabilization is a known contributing factor in some genetic diseases,
although the destabilizing effects of mutations as a widespread factor in genetic
disease has not yet been clearly determined. In this study, a 20-protein survey
was conducted in order to determine whether protein destabilization is associ-
ated with amino-acid substitutions in known disease-associated amino-acid po-
sitions. AMonte Carlo-based protein stability estimator named Eris was used to
calculate the DDG values for these substitutions in each protein. The DDG
values of every possible missense mutation for each protein were calculated
and classified based on whether they occur at positions where disease-
associated substitutions have been identified. For most of the proteins studied,
the distributions of calculated DDG for known disease-associated substitution
positions displayed a trend toward more positive DDG values. This indicates
a tendency of substitutions in the known disease amino-acid positions to be
a cause of protein destabilization. This trend in the DDG shift is an indicator
that protein destabilization is likely to be a general contributing factor ina wide range of genetic diseases, although the specific effect these destabilizing
mutations have on each of the proteins studied here remains to be determined
experimentally.
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Copper Ion Induces N-Terminal b Structure in Amyloid b Protein in
Reverse Micelles
Hiroaki Komatsu, Paul H. Axelsen.
University of Pennsylvania, Philadelphia, PA, USA.
A hallmark of Alzheimer’s disease is the accumulation of insoluble fibrils in the
brain composed of amyloid beta (Ab) proteins with parallel in-register cross-
b-sheet structure. It has been suggested that the aggregation of monomeric
Abs into fibrils is promoted by ‘‘seeds’’ that form within compartments of
the brain that have limited solvent due to macromolecular crowding. In our pre-
vious report, a crowded macromolecular environment was mimicked by encap-
sulating monomers of Abs into reverse micelles (RMs), formed from AOT,
sodium bis(2-ethylhexyl) sulfosuccinate. We demonstrated that the crowded
environment of the RMs induced the formation of b-strand seed structures
for nucleating amyloid fibril formation.1 Copper is a redox-active metal with
many important biological roles, and the dysregulation of copper is intimately
involved in the pathogenesis of Alzheimer’s disease. In the present study, we
have encapsulated a short 1-16 residue form of the Abs as well as the 40-
and 42-residues forms into RMs and examined them in the presence of copper
ion with transmission Fourier-transform infrared spectroscopy. We propose
a mechanism for the effect of copper ion on the formation of amyloid fibril
seeds, involving the formation of a coordination complex with the His residues
at position 13 and 14 on a pair of Ab molecules and inducing in-register align-
ment of the N-terminal residues.
Ref. (1) Yeung, P. S.-W., and Axelsen, P. H. (2012) J. Am. Chem. Soc., 134,
6061-6063.
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Overcoming the Cellular Crowding Effect: VlsE-FRET is Destabilized
Inside Cells
Irisbel Guzman Sanchez, Martin Gruebele.
University of Illinois at Urbana-Champaign, Urbana, IL, USA.
The understanding of protein folding dynamics inside cells is crucial for the de-
velopment of new therapies against protein folding and aggregation diseases. In
addition, many processes inside cells such as gene expression, association and
dissociation processes, as well as protein degradation are controlled by protein
stability and kinetics. Fluorescence Relaxation Imaging (FReI) instrument
combines temperature jump, FRET and cell imaging to study dynamic pro-
cesses inside cells from the microseconds to the seconds time scales. using
FReI, we have carried out experiment to calculate the melting temperature
(Tm) and relaxation time (t) of a constructed FRET pair protein of the Variable
Lyme Disease Surface Antigen E (VlsE). VlsE-FRET has an in vitro Tm= 385
1 C and t = 0.55 0.1 s. In contrast, VlsE-FRET has an in cell Tm = 355 1 C
and t = 25 2 s. Also, the in vitro data support a single exponential unfolding
process with b = 1.05 0.1, but the in cell data does not with b = 0.85 0.2.
Interestingly, VlsE-FRET has two distinct populations in cell with melting tem-
peratures of 335 1 C and 365 1 C. These data support that some proteins
can overcome the crowding effect inside cells due to the contribution of chem-
ical/electrostatic forces. VlsE has different regions that undergo antigenic var-
iation in order to evade the immune system of the host. Probably, the VlsE-
FRET destabilization in cell is part of the trigger mechanism for the extensive
genetic and antigenic variation that allows VlsE to evolve.
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Quantitative Characterization of the Interaction between Sucrose and
Native Proteins via Static Light Scattering
Di Wu, Allen P. Minton.
NIDDK,NIH, Bethesda, MD, USA.
Compatible osmolytes, such as sucrose, are small organic compounds that are
synthesized in cells to protect proteins and other macromolecules from the ef-
fect of osmotic stress. Our present work is to quantitatively characterize the in-
teractions between native globular proteins and sucrose, which has long been
known to stabilize proteins against denaturation by heat or chaotropes, and
has been shown to attenuate structural fluctuations in native proteins. The
composition-dependent static light scattering of binary mixtures of each of
four dilute globular proteins–bovine serum albumin (BSA), ovalbumin, ovo-
mucoid, soybean trypsin inhibitor (STI), and sucrose were measured over
a broad range of sucrose concentrations. A conventional analysis of the depen-
dence of excess light scattering of a single macrosolute in a continuum solvent
yields unphysical results. Then the analysis is based upon multicomponent
scattering theory, treating sucrose as well as protein as a scattering species,
and is shown to yield reliable information about the nature and magnitude of
